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Cementation/Alteration of 
Sedimentary Deposits (Noachian)

NASA

Chaos & Outflow 
Channels                                                              
(Hesperian-Amazonian, 
e.g. Kasei Valles)

NASA/JPL PIA 15091
Grotzinger et al., 2005

Valley Networks? 
(Noachian-Hesperian) 

ESA

MnO2 veins (MSL, Gale Crater)

Lanza+ 2016

A refresher: old water…groundwater dominated??? 4
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Young Outflow Channels in Athabasca and Kasei
[Burr et al., 2002; Chapman et al., 2010]

• Aquifer or juvenile water?

A refresher: young groundwater? 5
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• Full mantle convection: self-consistently account for spatial convective patterns, slow
• Parametrized models: crust is major spatial heat flux modulator, fast

[Plesa et al., 2016] [Stamenković et al., in prep]

MARSX-4DGAIA

Where is the water: geodynamic evolution models 6
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Bayesian FW

Constraints

GAIA Output

Lithospheric thickness

TES data (?)

GRS (Hydrogen, time)

Flow features (time)Input parameters

MARSX-4D

Where is the water: geodynamic evolution models 7

Water table in 4D

Geomorphology

Spectroscopy

Where’s the liquid water?
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MARSX-4D

GAIA

+
[Chizhov, 1993]

Melting temperature of
pure water ice

• Full mantle convection: self-consistently account for spatial convective patterns, slow
• Parametrized models: crust is major spatial heat flux modulator, fast
• We compare our subsurface temperature to the melting temperature of water ice (so far)

Where is the water: geodynamic evolution models

+ Gravity/Permeability/Porosity 
(àFlow)
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Where is the water: across time 9
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Where is the water: today in 3D

Averaging models: PURE WATER IN THE TROPICS ~4 km depth
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Where is the water: negligible effects of plumes (with GAIA)
Summary
àLiquid water on Mars today is likely many kilometers deep.
àMars is (at best) a deep groundwater dominated world, and 

maybe has always been.
àGeocentricism (shallow water cycle dominated as on Earth) 

can be misleading.

We need data!
àTechnology to (finally) find liquid water.
àMissions.

11



Copyright 2018 California Institute of Technology. U.S. Government sponsorship acknowledged.
Predecisional information, for planning and discussion only

12



Copyright 2018 California Institute of Technology. U.S. Government sponsorship acknowledged.
Predecisional information, for planning and discussion only

Electromagnetic

EM

TEM

MT

MTF

GPR

Orbital

Surface static

Surface Mobile

SNMR

Seismic

Single Station Interferometry Reflections

13

• Existing E/B Fields

• Massive resources

The possibilities 13
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Where is the liquid water: TH2OR (Transmissive H2O Reconnaissance) 14

Stamenković +, Nature Astro (2019)

Earth
Typical Earth crust: 10-2 S/m
Ocean water: 1 S/m
Contrast ratio: ~102

Mars
Dry Mars crust: ~10-7 S/m
Ocean water: 1 S/m
Contrast ratio: ~107
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Where is the liquid water: TH2OR Concept (Transmissive H2O Reconnaissance)

Objectives
• Uniquely sound from the Martian

surface for groundwater, expected to
be at depths as large as 1-30 km,
using an EM system and determine
its salinity.

• Small-spacecraft compatible (<10 kg)

15
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Where is the liquid water: TH2OR Concept (Transmissive H2O Reconnaissance)

Objectives
• If heritage-based system: Phoenix-type lander.
• Small-spacecraft compatible (<10 kg): SHIELD

17

artist’s concept
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Small High Impact Energy Landing Device
SHIELD enables the transportation of 
small scientific payloads affordably to the 
surface, such as TH2OR.
• Landed Mass: 50 kg
• Entry speed: 60 m/s
• Impact load range 1000 g – 2000 g.
• Total science payload up to 6 kg. 
• Hosted, secondary, or dedicated P/L 

configurations.  
• Investigating options for mobility.
• Expected Mission Duration range from 

90 sols to 1 Martian year (latitude 
dependent)

Artist Concept

Where is the liquid water: TH2OR Concept (Transmissive H2O Reconnaissance)

artist’s concept
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Summary 19

• Thermodynamics rules: Liquid water is more feasible at ~kms depth.
• Locally, shallower brines could exist.
• High water activity only possible at larger depth.
• Deep habitable zone?
• We must be careful not to be too geocentric!

• We could use low-mass instruments to sound for liquid groundwater and 
constrain its chemistry.à TH2OR

• Small SHIELD crash landers and Phoenix-type architectures could be the 
platform.

THANK YOU!


